The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. The ability to optically image with nanometer resolution is essential for understanding the electromagnetic properties of nanoscopic objects. The most common methods for performing nanoscale imaging are based on near-field scanning optical microscopy, which utilizes a tapered probe that can add unwanted distortion to images. Such distortion can be eliminated by probing with an isolated, point-like emitter. Here we present a method for performing nanoscale imaging using a deterministically positioned single quantum dot (QD). The QD is
Imaging with a nanoscopic probe presents significant challenges due to the lack of suitable techniques for nanoscale particle manipulation. The most common methods for particle manipulation are based on optical tweezers 14 , but optical gradient forces scale with particle volume, making the manipulation of nanoscopic objects challenging 15 .
Methods for incorporating nanoparticle emitters on tapered-fiber scanning microprobe tips have been demonstrated, but currently these techniques have been limited to an imaging resolution of about 100 nm 8 . Techniques based on mechanical placement of diamond nanocrystals along a surface have achieved nanoscale positioning accuracy 16, 17 , but so far have only provided sparse sampling of the electromagnetic mode with too few data points to reconstruct an accurate image. Random diffusion has also been used to decorate plasmonic hot spots with single molecular emitters, achieving imaging resolution as fine as 1.2 nm 18 . However, this procedure is entirely stochastic and cannot be used to probe a desired location or target on demand.
In this work we demonstrate a method for imaging with nanometer resolution using a single quantum dot (QD) by utilizing the enhanced electromagnetic interactions between the QD and the surface plasmon polariton (SPP) mode of a silver nanowire 
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is the maximum electric field intensity of the mode, and 0  is the spontaneous emission rate at the field maximum 20 . The electromagnetic mode profile of the SPP mode can therefore be determined by measuring the rate at which photons couple into the AgNW, which is monitored by observing the scattered light intensity from the wire end 19 .
An optical image of the microfluidic device used to position QDs is shown in Fig.   1a . Four tapered microfluidic channels intersect at the control region where QD manipulation occurs (the dashed circle). AgNWs with an average diameter of 100 nm and an average length of 4 μm (SEM image in Fig. 1c inset) are deposited on the polydimethylsiloxane (PDMS) surface of the control region. The channels are filled with fluid containing QDs that become confined to a thin sheath along the surface due to the fluid chemistry 13 . Within this sheath, QDs are manipulated to nanometric precision using electroosmosis with feedback control 12,13 . The AgNW acts as an obstacle for the QDs, indicating that they are constrained to lie within 100 nm of the surface (the height of the AgNW). The device is mounted on an inverted microscope and QDs are imaged using a CCD camera. Their positions are tracked with subwavelength precision by fitting the diffraction spot to a Gaussian point spread function.
The vision accuracy of the QD tracking algorithm was determined to be 9 nm by tracking an immobilized QD on a glass surface (see Supplementary Information).
Details of the fluid composition, experimental setup, and nanowire synthesis are provided in the Methods section. Intensity variations due to QD blinking as well as local field modification of the pump by the AgNW can complicate interpretation of the scattered intensity. We account for these effects by normalizing the intensity scattered from the wire end by the intensity of the direct QD emission. The QD emission and the AgNW scatter are measured by summing the pixels within their respective windows ( Fig. 1c-e) . We define the normalized coupled intensity I as:
where NW m n I , and at that location, which is observed to increase as the QD approaches the AgNW. When the QD is closest to the wire, a maximal I of 0.12 is observed. Fig. 2b shows I as a function of radial distance from the wire axis. For a cylindrically symmetric AgNW, the evanescent field from the surface follows a Bessel function decay 21 . A fitting function   The raw data presented in Fig. 3a can be used to construct an image of the field profile of the localized mode. The value of each pixel in the image is found by taking a Gaussian-weighted average of the raw data. The Gaussian is centered at the location of the pixel and the standard deviation is set to 22 nm, corresponding to the root-meansquare combined spatial accuracy of the QD (10 nm) and the tracked AgNW end (20 nm) (see Supplementary Information). The additional error incurred by tracking the wire end is not fundamental to the imaging procedure and could be largely removed by using brighter tracking objects to monitor the drift. The resulting two-dimensional field profile is shown in Fig. 3b . Comparison of the measured field profile with the calculated mode profile attained from FDTD simulations shows good agreement between experiment and prediction (Fig. 3c ).
In addition to the highly localized mode at the wire end, Figs. 3b and 3c suggest the presence of an oscillatory mode structure along the sides of the wire. To examine this mode structure in more detail, we probed the field along a 1 μm long region at one end of a wire. The measurement results are shown in Fig. 4a , where position is once again plotted relative to the wire end. In this measurement we used flow to position a QD as close as possible to the wire surface. Under these conditions most of the QD positions were measured within the shaded region. These data points are again attributed to being on top of the wire, where we measured I values as high as 0.16 (which is slightly larger than the values found in Fig. 2a ). This increased coupling indicates that the QD is close to the AgNW surface.
A clear periodic pattern is observed in the scatter plot as the QD is moved along the length of the AgNW. These oscillatory fringes arise from interference between the QD emission propagating in the forward direction and reflected from the wire end 1 . The oscillatory pattern is more readily observed in the Gaussian image reconstruction in Fig.   4b . Fig. 4c . displays the calculated FDTD field intensity along the side of the AgNW, and exhibits good qualitative agreement with the measured data. In Fig. 4d , we plot I for data points within the shaded region in Fig. 4a and a sinusoidal fit. From the fit we 7 determine wavelength of the propagating SPP mode to be 368 nm. This value is slightly different than the 329 nm calculated with FDTD. This difference is likely due to use of parameters for bulk silver 23 in the simulation. Our AgNWs are bicrystalline 24 and are therefore expected to have a different dielectric constant than bulk silver, resulting in a different propagation constant.
In conclusion, we have demonstrated a method for imaging the field profile of surface plasmon polariton modes with nanometric resolution using enhanced atom-light interactions with an isolated single QD. The demonstrated approach provides a direct measurement of the electromagnetic field profile, and also enables deterministic control of these interactions by precise placement of the QD at different field locations. Fluidbased methods for three-dimensional tracking and control 25 of particles could also be incorporated to perform three-dimensional imaging with nanoscale accuracy. In addition, by combining this technique with methods for selective immobilization of QDs 13 , our results can be extended from probing to a deterministic assembly of active quantum emitters and plasmonic structures for development of new nanoelectronic devices 26 and quantum optical circuits 27 . The red line is an FDTD simulation of the AgNW evanescent field. The simulation result was fit to the data using an overall scaling factor. 
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